Proteins of B. pseudomallei and B. cepacia involved in virulence and survival were demonstrated using proteomic analysis of stationary phase bacterial culture supernatants. Host response to live B. pseudomallei and B. cepacia and their secretory proteins have provided further insights into bacterial virulence.
Introduction
Burkholderia is a Gram-negative, non-sporulating motile bacilli found in a wide variety of terrestrial and aquatic habitats [1] . B. pseudomallei and B. cepacia are the two important Burkholderia spp. associated with human infections and are closely related with regard to ecological niche, resistance to intrinsic antibiotics, and cell surface lipid composition [2] . B. pseudomallei, is the causative agent of melioidosis, a category B priority onions.
B. pseudomallei and B. cepacia are both known to produce a number of secreted products such as protease, haemolysin, lipase, catalase, superoxide dismutase and lecithinase which have been identified as virulence factors [5, 6] . However, the roles of these virulence factors in pathogenesis of the disease still remain unclear. Secreted proteins of pathogenic or symbiotic bacteria mediate important interactions with their eukaryotic host in the host extracellular environment. These proteins are usually involved in various functions ranging from provision of nutrients, cell-to-cell communication, detoxification of the environment, and host cell toxicity to alterations of the host cell for the benefit of the invader [7] .
Furthermore, secreted proteins of intracellular pathogens are known to be the primary antigen targets for host immune response [8] . To date, knowledge of virulence genes in these pathogens and their corresponding proteins is still fragmentary. Therefore, in order to characterise the virulence factors, and to understand their roles in pathogenesis and host-pathogen interaction, tools such as proteomics, microarray and bioinformatics analysis have proven to be useful when used in combination.
In this study, the role of these secretory proteins in the host was investigated using gene expression experiments to gain insights into the host-pathogen interactions during pathogenesis of B. pseudomallei and B. cepacia infections. At the same time, a complete secretome of B. pseudomallei and B. cepacia was mapped in order to identify the proteins that played a role in responses within the host.
Results and Discussion
In this study, comparison of the A549 human lung epithelial cells gene response towards live B. pseudomallei and B. cepacia as well as their concentrated secretory proteins was performed using the HumanRef-8 microarray platform to test the hypothesis that the secretory proteins are important stimulators of the host response and play a critical role in the hostpathogen interactions. This analysis was performed to identify the host gene responses which correspond to the in vitro interaction with proteins secreted form actively dividing and adhering B. pseudomallei and B. cepacia.
Overall, the levels of alteration of host transcriptional responses were higher using concentrated secretory proteins rather than the live bacteria interaction with A549 cell for both B. pseudomallei and B. cepacia. The microarray data revealed that host genes related to metabolic pathway, cell cycle pathway, apoptosis and immune response were differentially regulated during infection with B. pseudomallei and B. cepacia.
The host metabolic processes, particularly glycolysis /glycogenesis, fatty acid metabolism and biosynthesis of unsaturated fatty acid were transcriptionally upregulated. Additionally, the cell cycle pathway was also found to be up-regulated. In combination, alteration of these pathways might explain the need for the host cells to survive and proliferate in order to sustain cell injuries caused by the secretory proteins and/or to allow prolonged survival and replication of the B. pseudomallei and B. cepacia in the host cells.
Cell death related gene sets namely; apoptosis and NOD-like receptors pathway were down-regulated. Inhibition of apoptosis of the A549 cells would ease replication of the bacteria and prolongs their intracellular survival. The inhibition of host cell apoptosis also favours bacterial persistence.
The infection with live B. pseudomallei and B. cepacia or their concentrated secretory proteins were found to suppress the pro-inflammatory molecules such as cytokines and chemokines. The inhibition of these genes by B. pseudomallei and B. cepacia would theoretically result in a reduction of recruitment of the innate immune cells to the site of infection, which in turn could influence the degree of host inflammatory response and bacterial elimination. These pathogens have been shown to modulate the epithelial bactericidal response in favour of its intracellular survival and persistence in the human host, and this process may be associated with disease relapse.
The differential gene expression of the host towards B. pseudomallei and B. cepacia infections have provided preliminary insight into bacterial virulence and the mechanism of pathogenesis of live B. pseudomallei and B. cepacia and the concentrated secretory proteins.
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Understanding of host response to infection would provide novel therapeutic targets both for enhancing the host's defences and for repressing detrimental responses induced by the invading pathogen. Due to higher alteration of host response that was found in the concentrated secretory proteins, the profiling of the culture supernatants of B. pseudomallei and B. cepacia was carried out to identify the proteins that might be involved in those responses. Using the gel-based proteomics approach, 113 and 83 protein spots were detected in B. pseudomallei and B. cepacia, respectively. However, only 54 proteins of the B. pseudomallei and 73 were proteins of the B. cepacia were identified (Fig. 1) . The remaining proteins could not be identified due to insufficient quantities for the MALDI-TOF analysis.
Proteins known for their virulence and survival i.e. flagellar, chaperones, housekeeping enzymes and other potential virulence factors were identified in culture supernatants of both bacteria. In general, proteins similar to both the bacteria include flagellar, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), monooxgenase, cell division protein and chaperonin (Table 1) . Flagellar and cell division protein are known to be involved in bacterial invasion, whereas glyceraldehyde-3-phosphate dehydrogenase, monooxgenase and chitinase are bacterial housekeeping enzymes that are involved in many metabolic pathways.
Flagellar and cell division protein are among the factors that may be involved in pathogenesis of B. pseudomallei and B. cepacia. Anti-flagella (flagellin) antibodies have been reported to be able to reduce bacterial motility in-vitro and provide some levels of passive protection for diabetic rats infected with these organisms [9] . Bacterial flagellin has been recognised as a strong immunostimulator, which is capable of activating NF-κB-signalling [10] . It is also believed to be able to present T-cell epitopes on antigen-presenting cells (APC) and induce maturation of APC resulting in expansion in the number of naive T cells [11] . This suggests that flagellin can be useful as a potential immunogenic target for the development of vaccine against melioidosis.
GAPDH is an enzyme of the glycolysis pathway. It catalyzes the synthesis of 1,3-bisphosphoglycerate, a "high energy" intermediate used for the synthesis of ATP. In several Gram-negative bacteria, GAPDH is known to be a multifunctional protein displayed on the surface and contribute to their adhesion and virulence. Other physiologic functions that have been associated with GAPDH enzymes include ADP-ribosylation [12] adhesion to fibronectin, myosin, and actin [13] as well as the ability to serve as a receptor for plasmin on the surface of Streptococcus [14] . However the role for extracellular localization of GAPDH in the pathogenesis of Gram-negative bacteria has not been described [15] . Jin et al., 2005 [16] identified membrane protein uPAR/CDC in pharyngeal cells as a receptor for surface GAPDH in S. pyogenes. This interaction contributes to the adhesion of the pathogen and to its virulence.
Chaperonins are large protein complexes that assist protein folding in-vivo. It promotes refolding of misfolded polypeptides especially under stressful conditions. GroEL protein of B. pseudomallei and B. cepacia encoded by the gene groEL was found to be highly homologous to that of the other bacteria, especially the non-fermenting Gram-negative bacteria and Burkholderia spp. GroEL produces strong antigenantibody response with sera from patients infected with these pathogens, thus, ELISA using purified GroEL should be further evaluated for serodiagnosis. Since the patients developed high levels of specific antibody against GroEL, it may therefore represent a good target for development of vaccines for melioidosis [17] . GroEL have been investigated for use in vaccination against tuberculosis [18] , brucellosis [19] and yersiniosis [20] .
Overall, the data suggests that these proteins, despite being involved in housekeeping functions for the bacteria, may also play an accidental role in virulence of the bacteria in the host. Therefore, the proteins maybe used to cross-protect for B. cepacia and B. pseudomallei infections. However, further characterization for protective efficiency in the host is needed.
